The Danish air pollution abatement is based by and large on emission control. Since the ratification of the international sulfur protocol of 1985, there has been a continuous tightening of the permissible sulfur content in fuels and of the maximum emissions from power plants. As a consequence, the total annual emission of sulfur dioxide (S02) has been reduced from 450,000 tons in the seventies to 180,000 tons in 1990. This has had a pronounced effect on the S02 levels in Danish urban areas. Thus, in Copenhagen, the yearly averages have fallen to about 25%. For nitrogen oxides emitted from the power plants, similar regulations are in force. With this legislation, the most important and crucial source of air pollution in Danish urban areas is road traffic. The contribution of nitrogen oxides from national traffic accounts for nearly half the total Danish emission and is increasing steadily; this is consistent with an observed increase of nitrogen oxides in ambient air. The permissible levels of lead in petrol has been reduced drastically. After an introduction of reduced tax on lead-free petrol, it now accounts for more than two-thirds of the total consumption. As a result, the concentration of lead in urban ambient air has been reduced to less than one-sixth. The introduction of 3-way catalytic converters from October 1990 will result in reductions in the emission of a series of pollutants, e.g., lead, volatile organic compounds, carbon monoxide, and nitrogen oxides. In 1980, a Danish air quality monitoring program was established as a cooperative effort between the authorities, the Government, the counties, the municipalities, and the Greater Copenhagen Council. Subsequently, the program has been revised with greater emphasis on air ,pollution from traffic. The network now includes monitoring of gasses and particulates, generally at curb side. The effects of planned traffic regulations and measures taken are evaluated by use of air quality models. Only a few studies of the relations between air pollution and health have been carried out in Denmark, but even the fairly modest levels appear to have some impact on sensitive groups, e.g., children and asthmatics. -Environ Health Perspect 102(Suppl 4): 55-60 (1994).
Introduction
The air quality investigations and measures for the improvement of air quality in Denmark are taken care of by the National Environmental Research Institute (NERI) and the National Agency of Environmental Protection (NAEP) in cooperation with the local authorities. In the following, the activities in Denmark within the scope of the conference are described briefly. Greatest emphasis has been attached to the air pollution situation in greater Copenhagen, but general aspects of the air pollution have been illustrated by results from other Danish cities, where data were available.
Emissions Legislation and Abatement
The Danish air pollution abatement is based mostly on emission control. Since the ratification of the international sulfur protocol of 1985 power plants. Thus, the maximum sulfur content in gas oil (typically used for domestic heating and thus of importance in urban areas) was reduced to 0.2% by 1988 . For larger power plants (less than 25 MWe), the total emission of sulfur dioxide for 1991 to 1994 has been limited to 620,000 tons by an act of 1989. For nitrogen oxides (calculated as NO2) emitted from the power plants, a similar quota of 431,000 tons has been fixed.
Emissions of toxic compounds from the industrial sector are regulated according to guidelines (1) Following an introduction of a reduced tax on lead-free (less than 0.013 g/L) petrol, it now accounts for more than two-thirds of the total consumption.
Since October 1, 1990, emission standards equivalent to the U.S. standard are valid for passenger cars and small vans (payload less than 760 kg). In practice this means that all new gasoline-driven passenger cars are equipped with a closed-loop 3-way catalytic converter. Since the same date, all new heavy-duty trucks (less than 3500 kg) must meet European Economic Community (EEC) directive 88/77. Since July 1, 1991, the use of light diesel (sulfur content below 0.05%) in buses has been promoted by a reduction in tax; since July 1, 1992, this has been extended to all diesel autos.
Past and Present Emissions
As a consequence of the regulations the total emission of sulfur dioxide has been reduced from 450 kt per year in the seventies to 180 in 1990 (Figure 1 ). The most pronounced reductions in relative terms have taken place for individual domestic heating systems (50-9 kt) and for district heating (61-16 kt). The reasons behind these reductions are more efficient systems, better insulation of buildings, and use of natural gas. Further, combined heat-power generation has come into use. This has had a pronounced effect on the S02 levels in (2) . The contribution from national traffic (mainly road traffic) is also shown separately. A roughly equal contribution comes from power plants. The From the late 1970s until today, the sulfur dioxide concentration in most Danish cities, including greater Copenhagen, has shown a slightly negative trend ( Figure  5A,6 ). On the other hand, the black smoke concentration has been increasing until the late 1980s in the center of Copenhagen ( Figure 5B ). Receptor model calculations indicate that this is probably due to an increasing contribution from traffic and long-range transport of air pollution (16 22 ,000 vehicles per day. Model calculation could be used for identification of such streets. The Iof the lead was high and slightly increasing air pollution rol-driven vehi-from the traffic has led to the introduction n between lead of 3-way catalysts for all new cars from ad emission in October 1990. This reduced the emission ration in the air of nitrogen oxides, carbon monoxide, and he lead concen-organics. The nitrogen dioxide concentrabelow the EEC tion in urban air is not reduced corre-2 pg/m3). The spondingly because it is formed by oxidarease even more tion of nitrogen monoxide. Here, ozone introduction of put in the region is the limiting factor. As a vehicles from consequence of the introduction of 3-way catalysts, the vehicles must use lead-free Nitrogen monoxides have been monitored continuously since 1982 in most of the largest cities in Denmark. In the center of Copenhagen, the EEC guidelines for nitrogen dioxide (135 pg/m3 as 98 percentile of 1-hr average and 50 pg/m3 as 50 percentile of 1-hr average) were generally exceeded. The EEC limit value (200 pg/m as 98 percentile of 1-hr average) was not exceeded at the monitoring stations ( Figure  9 ). Figure 10 shows the average concentration of nitrogen monoxide and nitrogen dioxide in the center of Aalborg. The measurements have shown a slightly positive trend in Danish cities. The main contribution to nitrogen monoxide in streets is the traffic. The nitrogen monoxide concentration is much lower behind the buildings along the street than at the curb side, where as nitrogen dioxide concentration is much more evenly distributed in the center of the urban areas. This is due to the fact that nitrogen dioxide is formed by oxidation, particularly by ozone, of nitrogen monoxide within less than 1-hr. Only approximately 5% of the nitrogen oxides are emitted as nitrogen dioxide directly from the motor vehicles. petrol; the lead emission will therefore be further reduced.
Air Poliution Episodes
Air pollution episodes occur occasionally in Danish cities. They may be caused by local buildup of pollution emitted from low sources (e.g., vehicles, domestic heating, and industry) during inversion, but longrange transport also is important. Denmark is located in a region that is strongly influenced by long-range transport of pollutants from the highly industrialized areas of Europe. The air pollution episodes in Denmark therefore often appear in connection with the breakup of smog episodes in eastern and Central Europe, whereby the polluted air is transported to Denmark and southern Scandinavia. Further, the transport of ozone to the area is an important factor in the photochemical oxidation of nitrogen oxides (i.e., formation of nitrogen dioxide).
Air Pollution and Health Effects in Denmark
Only a few studies of the relations between air pollution and health have been carried out in Denmark within the last 15 years. In the period between 1977 and 1980, a statistical analysis was made of the possible relations between short-term air pollution impacts and removal to hospitals due to acute heart and airways diseases in greater Copenhagen (18) . The air pollution exposures were estimated from measurements from fixed monitoring stations in Copenhagen. Although some correlation between the above diseases and the SO2 and soot pollution was indicated, direct conclusions on the relation between diseases and air pollution exposure were not possible.
The lead content in milk teeth from 1,302 children has been investigated in Arhus in Denmark (19) because it is assumed to be an indicator for the integrated exposure from birth. The lead content was tentatively related to the exposure from traffic based on location of day-care institutions and permanent addresses, and it was concluded that children living near busy streets generally had a higher lead content in the milk teeth than children from low exposure areas. Also, the fathers' work place exposure and the mothers' smoking habits during pregnancy influenced the lead content. The mental development of the children was investigated, and some learning disabilities were observed in the group with high lead exposure (19 (21) . Data from the diaries and peak flow measurements were analyzed by the socalled neural networks method and related to the weather and the air pollution. The conclusions were that SO2 and NO2 may have a synergistic effect on the impact of air pollution on humans with asthma or bronchitis.
Recently, an investigation in Copenhagen on children's morbidity related to air pollution has been published (22) . The investigation includes literature studies, studies of relations between exposure and diary notes, and studies of correlation between the number of contacts to the emergency medical service and air pollution. The exposure studies showed that although exposure measured by personal dosimeters for NO2 was generally lower (by a factor of 3-4) than the levels measured at the fixed monitoring stations, the measurements at the fixed stations could be used as a measure for the variation in exposure. The main conclusion is that even the relatively low air pollution in Copenhagen contributes a few percent to the morbidity in the respiratory tracts in children.
Conclusions
The long-time series have been shown to be very useful for the evaluation of the air pollution problems and of the effectiveness of abatement policies. It should be emphasized that long-time series at the same locations and of the same methods are very important. In addition, it is our experience that the most efficient way of investigating the air quality is to combine the monitoring with different types of model calculation based on meteorological data and emission inventories. This combination is also a powerful tool in the evaluation of the measures taken and for future planning.
